Abstract. We investigated the expression of the co-signalling molecule CD40 in pancreatic cancer and the growth inhibitory effect of the recombinant soluble human CD40 ligand (rshCD40L) in pancreatic cancer cell lines. Twenty-six cases of pancreatic cancer tissues and corresponding paratumoral normal tissues were immunohistochemically analyzed for CD40 expression. The association of CD40 expression with clinicopathological parameters, including clinical stage, pathological grade, invasion and metastasis, were statistically analyzed. The serum sCD40 levels in pancreatic cancer patients were examined by ELISA. The expression of CD40 in the pancreatic cancer cell lines Panc-1, Aspc-1 and Miapaca-2 was examined by RT-PCR and flow cytometry. The growth inhibitory activity of rshCD40L on pancreatic cancer cell lines was determined by MTT assay. Tumor cell apoptosis was detected by TUNEL and Annexin V/ PI double staining method. CD40 was positive both on the membrane and in the cytoplasm of tumor cells, 69.2% (18/26) of the cases were positive for CD40. CD40 expression was significantly higher in pancreatic cancer tissues compared to adjacent normal tissues (P<0.05). High CD40 expression was associated with TNM stage and lymph node metastasis (both P<0.05). Patients with pancreatic cancer have higher serum sCD40L levels (3.53±0.70 ng/ml) compared to healthy subjects (1.81±0.48 ng/ml, P<0.05). rshCD40L significantly inhibited the proliferation of the pancreatic cancer cell lines and induced apoptosis in these cell lines. The co-signaling molecule CD40 is highly expressed in pancreatic cancer tissues and cell lines and rshCD40L is a potential tool for antitumor therapies.
Introduction
Pancreatic cancer is one of the most malignant cancer types with a 5-year survival of <5%. It is notorious for having the poorest prognosis among all the cancer types (1, 2) . Most of the time, there is no good measures to detect the early pancreatic cancers until it is in the advanced stage when symptoms are developed. Molecular analysis has indicated that specific pathway pattern was involved in the development of pancreatic cancers (3) . Efforts have been made to explore new strategies to treat pancreatic cancer, such as immune-biotherapy, which was developed based on the modern oncological molecular biology and immunology, and it shows promise for the future practice of cancer treatment (4, 5) .
A series of molecules have been identified to be important players in carcinogenesis, among which CD40 is a co-signaling molecule and is a member of tumor necrosis factor receptor (TNF-R) superfamily. CD40 and its ligand, CD40L, play important roles in mediating cellular and humeral immune response by regulating the functions of antigen presenting cells (APC) and T cells. They are gaining increasing attention in the field of tumor immunology (6) (7) (8) . It has been reported that CD40-CD40L axis was involved in a series of cell biological activities, such as cancer, cardiovascular disease, immune disorders, and even Alzheimer's disease (9) (10) (11) . CD40 was found to be expressed at an up-regulated level in many epithelial cancers (12) (13) (14) (15) . Expression of CD40 and CD40L in gastric cancer tissue was positively correlated with lymphatic metastasis and tumor TNM stage (13) . In mouse renal cancer cells, CD40 induced cell killing effect by activating Fas (12) . CD40 signaling provides critical functions in stimulating antigen presentation, priming of helper and cytotoxic T-cells and a variety of inflammatory reactions.
Studies showed that CD40 was expressed in human pancreatic islets and ductal cells and it was up-regulated in pancreatic cancer (16) (17) (18) . Because CD40 activation is able to reverse immune suppression and drive antitumor T cell responses (17) , researchers have tried the agonist CD40 antibody to treat pancreatic carcinoma and suggested that CD40 held potential to be a treatment target similarly to that in the treatment of other cancer types (17) . Currently, no data exist on the value of CD40-CD40L axis in pancreatic cancer treatment. (Table II) . The paratumoral tissues were set as control. The study was approved by the Ethics Committee of the institute and written consent forms were obtained from the patients.
Immunohistochemical detection of CD40 expression in pancreatic cancer. The surgically resected specimens were fixed in 10% formalin, routinely embedded in paraffin. The slides were immunostained by streptavidin-peroxidase (SP) method. In brief, after slide preparation, the sections were incubated with anti-CD40 mAb [Institute of Biotechnology, Soochow University (5C11)], and followed by SP kit (Beijing Zhong Shan Jin Qiao biotechnique Co., Ltd.) manipulation. The slides were counterstained with hematoxylin and mounted with cover slides for observation. Positive control was set up with specimens known to be positive for CD40. Negative control was set up by replacing anti-CD40 mAb with PBS solution. All the slides were reviewed independently by two experienced pathologists. The brown staining was mainly located on the membrane of the cells. The plasmic staining was also considered as a positive signal. The positivity was expressed by a quantitative evaluation based on 3 parameters (13, 19) 
Detection of CD40 expression in pancreatic cancer cell line by RT-PCR.
The pancreatic cancer cell lines (Panc-1, Aspc-1 and Miapaca-2) in logarithmic growth phase were lysed with TRIzol (Invitrogen) and total RNA was extracted according to the instructions. RT-PCR was performed according to the manual of the reverse transcriptase kit (Invitrogen). RNA (0.5 µg) was reversely transcripted to cDNA for amplification. The primers used for amplification of CD40 and internal control β-actin were as follows (Shanghai Sangon Biological Engineering Technology Co., Ltd.): CD40, forward: 5'-AGAA GGCTGGCACTGTACGA-3' , reverse: 5'-CAGTGTTGGAGC CAGGAAGA-3'; β-actin: forward: 5'-CAACTCCATCATGAA GTGTAA-3' , reverse: 5'-CCACACGGAGTACTTGCGCTG-3'. The expected PCR products for CD40 and β-actin were 425 and 212 bp, respectively. The cycling parameters were: denature at 95˚C for 3 min, 94˚C for 30 sec, 60˚C for 30 sec, 72˚C for 1 min, for 30 cycles and additional extension for 7 min at 72˚C. After PCR amplification, 10 µl of the product was resolved electrophoretically on 1.5% agarose and visualized under gel imaging system (Bio-Rad 3000, USA).
Detection of CD40 expression in pancreatic cancer cell lines
by flow cytometry assay. The pancreatic cancer cell lines in logarithmic growth phase were seeded into fetal calf serumcompleted RPMI-1640 media at the concentration of 2x10 5 cells/ ml. The cells were cultured at 37˚C with 5% CO 2 . Twenty-four hours later, the cells were incubated with anti-CD40 mAb for 30 min and analyzed with flow cytometry (Cytomics FC500, Beckman Coulter, USA) for CD40 positivity.
Detection of CD40 in the serum of the patients with ELISA assay. The CD40 level was measured by enzyme-linked immunosorbent assay (ELISA) kit (Bender Medsystems, Austria) according to the manufacturer's instructions. The level of CD40 is presented as ng/ml.
Determining the cell growth by MTT assay. The pancreatic cancer cell lines were seeded into a 96-well plate at 1x10 4 cells/ml and cultured in 5% CO 2 incubator at 37˚C. The cells were randomly divided into 3 groups and incubated with rshCD40L (Pepro Tech Co., USA) (100 ng/ml), rshCD40L (100 ng/ml) + anti-CD40mAb (20 µg/ml) or PBS as control, respectively. For each treatment 4 replications in parallel were set up with 200 µl medium volume and cultured for 72 h. Four hours before the endpoint, 20 µl MTT (0.5 mg/ ml) (Sigma, USA) was added into the culture media. Then the cells were incubated for another 4 h and the supernatant was discarded. The precipitation was dissolved with 150 µl DMSO/well. The plates were read by plate reader F500 (BioRad, USA) at 492 nm wavelength for absorbance (A value). The inhibitory rate (IR) of cell growth was calculated with the equation: IR = (1-A value of test wells/A value of negative control wells) x 100%.
Detection of apoptosis. The pancreatic cancer cell lines were treated with rshCD40L (100 ng/ml) for 72 h. The percentage of apoptotic cells were measured with TUNEL assay (5) . PBS was set up as control treatment. The effects of rshCD40L at various concentrations on apoptosis of the pancreatic cancer cell lines were measured with Annexin V/PI staining method.
In brief, cells in logarithmic growth phase were seeded into a 6-well plate. When the cells grew to 75% confluence, they were treated with media containing 1.0, 2.0 and 3.0 µg/ml rshCD40L, respectively. After a period of incubation, the cells were collected and incubated with 5 µl Annexin V and PI (both with the final concentration of 1 µg/ml) for 15 min in the dark. Then the cell samples were assayed with flow cytometry.
Statistical analyses. The data are presented as mean ± SD and analyzed with SPSS13.0 software. The differences between two groups were compared with Mann-Whitney U test. The correlation between CD40 expression and the clinicopathological parameters was tested with Fisher's exact test. P<0.05 was considered as significant.
Results
The correlation of CD40 expression in pancreatic cancer specimens with the clinicopathological parameters of the patients. Immunohistochemical staining showed that CD40 was expressed in pancreatic cancer tissues at different levels. The staining signal was located on the membrane and, partially, in the cytoplasm. In the 26 cases of pancreatic cancer patients, 18 cases (69.2%) were positive for CD40 expression, among whom 10 (38.5%) were at strong level of CD40 expression. In the paratumoral pancreatic cancer tissues, CD40 was absent or weakly expressed. The difference was significant (P<0.01) ( Fig. 1 and Table I ). We further analyzed the correlation of CD40 expression with the clinicopathological parameters and found that CD40 was positive in 46.7% (7/15) of the patients at stages I and II of their diseases, but in 90.9% (10/11) of those at stages III and IV. In the patients with lymphatic metastasis, 86.7% (13/15) were positive for CD40, comparing to that of 45.5% (5/11) in those without lymphatic metastasis (P<0.05). No significant difference was found in other parameters, such as age, gender, tumor size, location and histological grade (P>0.05) ( Table II) .
The concentration of CD40L in the peripheral blood. We detected the levels of sCD40L in of peripheral blood of 10 pancreatic cancer patients and 10 healthy volunteers and found that the pancreatic cancer patients had a much higher level of sCD40L (3.53±0.70 ng/ml) in the peripheral blood than the control subjects (1.81±0.48 ng/ml) (P<0.05) (Fig. 2) .
Expression of CD40 in the pancreatic cancer cell lines.
To further confirm the expression of CD40 in pancreatic cancer, we detected the expression of CD40 in a panel of pancreatic cancer cell lines, including Panc-1, Aspc-1 and Miapaca-2. RT-PCR was employed to detect the mRNA level of CD40 in these cell lines. Results showed that the three cell lines expressed CD40 at certain levels (Fig. 3) . Flow cytometry assay of CD40 expression in these cell lines showed that the percentage of cells with positive CD40 expression was 43.5, 32.8 and 21.9%, respectively (Fig. 4) .
The growth inhibition of pancreatic cancer cell lines by recombinant soluble human CD40 ligand (rshCD40L).
We performed experiments to evaluate the growth suppression of pancreatic cancer cell lines by rshCD40L. It was indicated that rshCD40L was highly active in suppressing the growth of Panc-1, Aspc-1 and Miapaca-2 cells, with the inhibitory rates of 34.7±1.2, 25.3±1.0 and 15.8±2.1%, respectively. Compared with PBS control group, rshCD40 significantly suppressed pancreatic cancer cell growth (P<0.05), while this effect was largely rescued by the addition of anti-CD40mAb (Fig. 5) .
Induction of apoptosis by rshCD40L in pancreatic cancer cells.
To show whether rshCD40L was active in mediating cancer cell apoptosis, we then assayed, by the TUNEL and cytometry analysis, the apoptosis-inducing ability of rshCD40L. Results showed that there were 17.2±0.7, 13.2±0.4 and 10.5±0.6% of Panc-1, Aspc-1 and Miapaca-2 cells, respectively, that underwent apoptosis in the presence of 100 ng/ml of rshCD40L, which were all significantly higher than that of control group (P<0.05) (Fig. 6) . Interestingly, we found that CD40L was more potent in inhibiting the growth and induce apoptosis in the pancreatic cancer cells with higher CD40 level, like Panc-1, than that with lower CD40 level. Subsequently, we further evaluated the dosage-dependent apoptosis intensity of rshCD40L in Panc-1 cells. With the increase of rshCD40L, higher percentage of the cells underwent apoptosis. At 1.0, 2.0 or 3.0 µg/ml of rshCD40L, there were 10.09, 11.74 and 15.59% of the cells that underwent apoptosis, respectively, all were significantly higher than that of 6.78% in the control group (P<0.05) (Fig. 7) .
Discussion
In this study, we reported that CD40-CD40L interaction may play an important role in the development, and hence the future treatment, of pancreatic cancer. We found CD40 was overexpressed in pancreatic cancer tissues, compared with the normal pancreatic tissue. The expression of CD40 in the pancreatic cancer cell lines was consistent with the trend in cancer tissues. CD40L treatment was able to induce growth inhibition and apoptosis in pancreatic cancer cells, especially in the cancer cell lines with higher CD40 expression. These data provide new clues to pancreatic cancer immunity and treatment. Primarily, CD40 is expressed in monocytes, tissue macrophages, B lymphocytes, and dendritic cells (DC). Recent studies have also found abnormal expression of CD40 in a series of epithelial tumors such as ovary cancer, prostate cancer, breast cancer, lung cancer and melanoma (20) . It was reported that CD40 expression was correlated with acute lymphoblastic leukemias (ALLs) and B-lineage non-Hodgkin's lymphomas (NHLs) (21) . CD40 expression has been shown to be associated with cancer metastasis. High level of CD40 in gastric cancer was associated with cancer invasion and liver metastasis (22) . Also, lack of CD40 receptor-ligand system reduced the risk of lung metastasis in a model system (23) . These reports support our findings of the association of CD40 expression and cancer development and metastasis in pancreatic cancer.
In the present study, we investigated the expression of CD40 in pancreatic cancer tissues and found that CD40 was expressed mainly on the membrane of the cancer cells at various levels. A small part of CD40 was located in the cytoplasm, 69.2% of the specimens were positive for CD40 expression of which 38.5% were intensely expressed for CD40. RT-PCR and flow cytometry assay showed various expression of CD40 in pancreatic cancer cells. It was reported that CD40 contributed to tumor cell survival and resistance to chemotherapy in follicular lymphoma, chronic B lymphocytic leukemia and Hodgkin's disease (20) . Also, CD40 was found to be highly expressed in the tumor blood vessels of kidney and breast cancers, suggesting a role of CD40 in the angiogenesis of cancers (24) . Sabel et al reported the expression of CD40 in lung cancer tissues was associated with the distal metastasis and poor prognosis of lung cancer (25) . In the study, 78% of the cell lines from the patient were found to be CD40-positive and all of these patients were encountered with local or distal metastasis, while cell lines negative for CD40 were all from tumors in stage I, and these patients showed no signs of local or distal metastasis. In the present study, we found that CD40 was higher in stage III and IV than stage I and II cancers. Moreover, CD40 expression was found to be closely associated with the development and metastasis of pancreatic cancer cells, suggesting that CD40 may be involved in the invasion and metastasis of pancreatic cancer. However, the mechanism on how CD40 was involved in the process remained to be further investigated. Recent data showed that down-regulation of CD40 on DC cell surface and low-level CD40L on T cell surface of patients with pancreatic cancer impaired the function of DC cells, which was closely associated with the immunosuppressive status of cancer patients (26, 27) . Therefore, CD40 may be a valuable marker to predict the malignancy, invasive and metastatic potential and prognosis in pancreatic cancer patients.
CD40 and CD40L modulate the anti-tumor immunity by influencing the development, activation, proliferation and differentiation of a series of immune cells (27) . Unfortunately, the mechanism by which CD40-CD40L regulates immune functions is not fully known. There are reports indicating that CD40-CD40L suppressed cancer cell growth by promoting cell cycle arrest and/or apoptosis (28, 29) . In addition, studies have shown that expression of CD40 or its ligand on the surface of cancer cells increased the level of cellular adhesion molecule 1 (ICAM-1), unregulated Fas expression and sensitized the cancer cells to Fas-mediated apoptosis (30) . Among its direct effects on the tumor, tumor necrosis factor receptor-associated factor (TRAF) was considered as the key intermediate molecule delivering CD40 signals to play physiological functions (31). CD40-regulated genes include TNF (LT and CD70) and TNF-R family members (TNF-R1, TNF-R2 and CD40), cyclins (Cdk4 and Cdk6), anti-apoptotic members (CIAP and Bcl-X L ) and apoptotic component DR3, while the upstream regulators directly mediate the transcription of CD40 (31). Gallagher et al reported that CD40 was highly expressed in epithelia-derived ovary cancer cells and CD40L was able to significantly inhibit the growth of CD40 + ovary cancer cells and promote apoptosis of the cancer cells (32) . Consistent with this, our data showed that rshCD40L inhibited the growth of CD40 + pancreatic cancer cells (Pan-1, Aspc-1 and Miapaca-2) and induced apoptosis. Other studies also indicated that the role of CD40-CD40L in cancer immunity may involve activating DC to enhance the antigen-presenting, upregulating the expression of co-signaling molecules, and promoting the secretion of cytokines (29, 33) . However, the exact mechanisms of CD40-CD40L in pancreatic cancer remained to be clarified. Interestingly, we found here that CD40 exerted stronger growth inhibition and apoptosis-inducing effects on the pancreatic cells with higher CD40 expression. This fact suggests up-regulation of CD40 level may facilitate the efficacy of CD40L in cancer cells. Therefore, a novel strategy based on the CD40-CD40L network may be helpful in the targeted therapy of cancer.
We found that the sCD40L in the serum of patients (3.53±0.70 ng/ml) with pancreatic cancers was higher than that in control subjects (1.81±0.48 ng/ml). Our previous study demonstrated that higher sCD40L was also detected in patients with gastric cancers than in healthy controls (13) . Moreover, higher sCD40L was correlated with tumor metastasis and progression (13) . Though there is little explanation for this higher level of sCD40L in cancer patients compared to those in healthy controls, it would be of interest to evaluate the predicting value of sCD40L for cancer development.
Taken together, we found in this study that the co-signaling molecule CD40 was expressed at a higher level in pancreatic cancer tissues and cell lines. Recombinant CD40L was powerful in suppressing pancreatic cancer cell growth and inducing apoptosis, showing a potent biological activity in vitro. We also found that CD40 expression was closely correlated with TNM stages and lymphatic metastasis. Though we are not aware of the exact mechanism, the broad signaling network of CD40-CD40L may be involved in the metastasis-associated pathways. Thus, CD40-CD40L pathway may be a good target to enhance the tumor immunosurveillance and anti-tumor immune response. This study provides information useful for new strategies in the development of targeted therapy against pancreatic cancer.
